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ABSTRACT

An analytical procedure to obtain a preliminary design of large
signal cathode follower amplifiers is described. A~C amplifiers with con-
ductive and inducstive cathode admittance as well as d-c amplifiers are con-
sidered. The conditions of optimization of the design for maximu: power or
voltage output are discussed.
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Introduction

Cathode followers find wide application in modern Electronics
becauze of their simpls structure, fairly distortionless cpsraticn and low
output impedance. Their design for small sigral axgplification is easy; for
large signal amplification an added complication is introduced with the re-
quirement that the distortion-fres driving range of the control grid be
utilized fully. Usually this problem is solved graphically. but the proce-
dure is cumbersome and of limited application. Its usefulnsss can be greatly
enhanced if it is usad merely to cneck and improve an approximate preliminary
design obtained anelytically. The derivation of such a preliminary design
is the object of this report. For this purpose the family of characteristics
of ths tube will he represented by & bilinsar relaticanship

ip = gp (& = Vi) = gy (0 + ey - V) (1)

which corresponds to a.set of straight lines (Fig. HRI-1u276-a) character-
ized by their slope g, and their intercept Vpx with the iy = O axis (in
particular V! and VY, are respectively the intercepts corresponding to

Eo = 0 and By -‘-8.5 V). The main purpuse of the design zonsists in de-
termining the valves of BQ, I so that ths grid-to-cathode voltage may be
varicd betwsen -0.5 V and & value corresponding to & minimum current Ipmy.
In additicn the design may be optimized with respact to the power and voltage
output, plate dissipation, etc. We shall discuas separately the cases of
a~c and d-c amplifiers and shall show that the design of the a-c amnlifiars
is subject to less restrictions than that of d-c amplifiers. The cathode
admittance of a-c amplifiers can be either a condustance Gy or a (small)
inductive susceptance 1/jwl = - jBx, while the cathode admitiance of d-c
amplifiers must be a conductance Gg .

I. A~C Cathods Followers with Conductive Cathode Admittancs

The circuit diagram of a typical a-c cathode follower with con-
ductive cathode admittance is indicated in Pig. MRI-1L276-b. We shall dis-
regard high and low fisquency effects and 1limit our analysis i¢ the mid-fre-
quency range. For this purpose the interelectrode and coupling capacitances
will be neglected, and the design will“bs limited Lo tud determination of
the quantities Gx, O, Epp, Eo, Ky, (gﬁ%)g, EQ, Ig. The interpratation of
these symbols is clsar from Fig. MRI-14276-b; we shall only point out that
Ec and By are peak rather than rms values,.
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The following limitations must be satisfied:

= . 7]
Lok = Eck max 0.5 V
Ibm = L= L s g
(2)
Ehb = Ebb max
EQ IQ = Pp n: y

The last of conditions (2) applise for zero signal dissipation; it could be
replaced with the less restrictive condition EQ IQ - =< Ppm’ if the
powser output P, were a constant,

The following r-l.tionahips can be used for ths analysis

2 = Iy * Ly (3)

' Ty = 8 (Bq - By - V) = &) (s = V) (L)

| T = Oy (Byp - Eg) = L, + By (G + Gp) (5)

! 1i“Q"ebm"mo.‘Ilialc4':|:1)}£ +Eo (6)

i €p

L By = Bq * To/% (1

b 1 1 Sl 1

' t (Bl = & (Vo = Vaed =5 (Vo - Bq * Igfey) : (8)
E, ~E_ + (Eck)Q - 0.5 (9)
" Vet [T 2B G 00 [/, " (20)

By eliminatien of Eq, In from £3),(L),(5) one hes

G I -1 £
ekz-;“E;.Eibb-zno(l«»-g;i-')‘-%-v;k“ uk+§1°-(oL+;:‘i-)-o

P L L L i e

1 iR PRl R e R =




R-390-Sk, PIB-323 3

which is a relationship among Bpyp, Eo, Ok, GL and can be used to determine
one of {hese guantities when the other three are given. One has:

' 2
o, - ngEbb'vbk-anc;lgk-ZEOGxt Tom(gp * G (12)
= Eo (2 G, + gp)
o $ & .
e & (Bpp~ Vi) G = (85 + &) Ly (13) .
g zgk(gk+gp)+(gp+2ak)cL
o ) (1)
Ib 02' - 2 g Ib
= - s L -._JE -v dy! - a4 2B
Gy ;E—I.Ebb 2E,(1 ) Ya ]i\ig{_ ] EP'(L*’EO-)
and finally
a g_+G *
' 1 1 L k L ;
B, =V *+ L, (E&-+E;)+23° (1*2§;+ C ) (35)

Two other importsnt relations are!

2(6,_ + 0p)g G, ( ) G
T * B0 + 0 ki AP Bt
: - 2(g, + 6, )(0, + 0p) - g G

— e am v ————
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We shall now proceed to consider a number of specific problems
that can occur in practice, and derive the optimum approximate solutien.
In particular, numerical design values of somewhat academic interest will
be computed, assuming that ths tube emplioyed is the 6J5, whose plate char- f
acteristics are shown in Fig., MRI-14277. The latter ones ars linearised !

assuning g, = 1/7600 = 1.32 x 10-b mhos, V1 = 30V, Wiy = LO V, Ipm = 0.5 mA,
w = 20, T = 20 mA, BypM= 300 ¥, Pomgx = 2.5 W.
Design No. 1 - Given the tuybe, Ok, Gy, o find the minimum necessary velue
C Of ba
One uses formula (15), then checks that the values of Epp, IpM,
T P, are less than the limiting values (2). Finally ons corputes (Eok)q ,
Bgg and B,.
! For sxample assume that the *tube 1s & 6J5 and that G = L x 1070
: mhos, 31, = 10~3 mhos, Eg = 5 V. There follows :
B, = LO + 0.5x1073(2500 + 7600) + 10 (12.85) = 173.5 V
: The check with respect to the limit performancs of the tube
: " provides
| Top = Lbe5> md
| Ig = 7.5mA
5 ] Eq =116 V
P =0.87w
. p 7
I §-- Furthermore
: (B g~ 35 [30-116+57] = - 1bs v
{E U Em = EQ + (Eck)Q = llh.5 v
g E, = 5+ 145 - 0.5 = 5.95 ¥
3 E
I ¥ K =g = 0.8
s

[ =
|
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Design No. 2 - Given the tube, Oy, Op, find Bpp for max. E, permissible.

Since Zy incresses linearly with Zpp, ws shall merely investigate

‘l(;ha maéd).mum value of Eg. With respect to the current limitation this is
eg. 1

1 L - Ibm
" E oy a0

With reapect to the power limitation one has from eq. 17

E;--.(+ ..(2-1-? 19)

where
. Ls,pvmk 1) ] Do * (0+0L)(gp L)

2(a,+0;) (gp +2(a + GL)]

g~ 2 Pomax = (& Vi * Tow) Lo

+ G (e, + 2(0k + Gp))

The lowsr of the values (18), (19) is the maximum permissible B,. Corres-
pond..ngly EbB is obtained from eq. 15. Hor example, for a 6J5 with
G = b x 10~k =hos, 7, = 16-2 mhos one has

] " 8
30'7.3V, EO 7.3V

The maximum permissible valus E, is 7.3 V and the corresponding value of
Byp 18 32,5 V,

Design No. 3 - Given the tube, Gp, By, Bpp find Gk.

One uses eq. (1l) wkich provides two solutions for OGy. These are
checked with respezi to conditions (2). Assuming that both Gy values are
permissible, the final choice will be determined by considerations of the
platu power dissipation, peak cathode current, output admittance.
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For example for a 6J5, given G1, = 10"3 rhos, B, = 5V)Ebb =173V,
the corresponding values of Gy are .
' -3 . -3
q = 0.4 x 10 © mhos G, = 0,177 x 10 ° mhos (20)
Incidentally, if Ep, & 200 V the valuer of Gy are

| | _3 | ] _3
g = 0.837 x 10 ° mhos g, - 0,083 x 107 mhos ,

In connection with ths values {20) ons finds

Ty = 1he5 mA 1:1{- 12,27 mA
: 6 " .98,2V

qu-ll v EQ 90

P = 0.8 P = 0,625

P BT W B ° W

Design No. li - Given ths tube, O1, Bpp find Gy for max. E,. From eq. (13),
etting db; = O, one has

a0y
(21)
o - “pI\mr . .?;I:m i r*?(%fﬂep*ﬂl)fh "
8o By Vi) Tim ey Bop i) T 1 8o By~ oie) "Tome

For example, letting Gr, = 107> mhos, E,, = 173 V, one has for the 6J5

g, - 2,61 x 10'h mhos

and from eq. (13)
BO s 5009 v
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For given Q1 and Epp it is of interest to compute the liwiv values of Gx for
which respectively IpM = IxM or Pp = Ppmmo By application of eq. (13) thceze
provide the corresponding limiy values <f E,.

For the condition Ipy = Iy one has from eq. 16, solving for Gy

G = <-b+ b2-=c (22)
where
G. g. 1
L M
b‘-rﬁ"-—f” 0 2
{Epp Vo)~ 2kn

q ' (23)
kB 1
T &

Similarly eqs. (13) and {17) provide tae limit values Gy and B, for which
Py = Ppmax. Since these eqs. are of the fifth degree in Gy, they should
P P

be soived by trial and error method,

Des No. 5 - Given the tube; Epy, find Gy and G, for max, output power
¥ = . This design may be considered of academic interest, since

cathode followers for power amplification are usually made with inductive
rather than conductive cathode sdmittance,

hcoording to eq. 13 one has

P. = g_L_ gp(Kbb )Gk (gp Gk) Ibm

L (2h)
20 fG +gp)+(g+2 )GL

L 19
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which is a function of Epy, Gy, Gr. If either Gy or G, are given, the opti-
mun value of the conductances Oy, or Gy is determined respsctively with the
condition

dPL dapPy
'a-G-; =0 or de =0 (25)

If Gy and Qp, are both indetermined, the latter two eGuations must Ls solved
simultaneously.
From eq. 25 there f£ollows

Gy, (2Gk + gp) - ZGk(Gk + gp) =0 _ (26)

=0

& Tom Gk B ;B Gy + i GL) Cim
gp(E‘ab ) Tom B ‘p\ oo™ mc) o

Gy *+

In particular the last equation for Iy, = O simplifies as follows

0 - &, O = O (27)

Therefcre, if Gy is given, the optimum value of Op, is

G * &

GL-ZGk EG‘—(-_%,T (28)

I¢ Gy, is given the optimmm value of G is computed by msans of eq. 21 and
in particular for Ipy = O one has

Gk '\'Ep GL/2 (29)

Finally, if both G, and Gy, are indeterrined, their cpiimum values m
respectively

Gk-gp/\[_“, GL-gp " (30)

— e e e e ——— i 5 . S —
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Correspondingly the peak power output is

(PL)p,ak- 0.0215 e, [By -

For example,with a 6J5 with Ebb - 206V(RL, i® 0.363 w. 1In Tabls I the
quant ity ZPL/ (Bpp - vbk) has been ‘oo ggag for various values of Gk/kp,
gp near uhe optimum values (30).

Tabiag I - Valuas of 2P 1?p (xbb - bk)

/ 3
m\ 8,/V2 g {2 g,
| g /2 0.0208 0,020} 0.0188
gp/ﬁ 0.0208 0.0215 0.0208

g 0.0188 0.020L 0.0208

IJI. A-C Cathode Followers with Inductive Cathode Admittance

The circuit diagram of a typical cathode follower with inductive
cathode admitiance is indicated in Fig. MRI-14278-a. It is assumed that
JB = 1/jul is negligible; in addition, high and low frequency effects are

n-a’l lantad.

-

The limitations of the design ars expressed by eguations (2),
whera EQ * Znp- The design itself is mush simplified in the present ocase
and reduces to finding IqQ, since EQ is fixed. The design equations are

Tq = Iy * O E (31.1)

I = & (Byy - V;)k -E) "2Ig- I, (31.2)
r

(EOR)Q - Lv; = Ebb + IQ/&P] /l-" (3103)

E,6 = E, + (B )Q-o (21
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Eliminating Ig between first and second egquation cna has
( VS E (2 )
€y Ev = Vex! ~ Lom ot Op, * g
From this equation, if Ep, and Gy, are given, one hLas

1
= 8o By = Vi) = Ty

o (32)
2 GL + gp
ard if Epp and E, are given one has
I8 ) :
g \ﬂobb -} Vb -] E ) -, I.__I
G = P K 0 olil (33)

2E
n

The maximum possible value of E, for given Ebb occurs when GL =0 and is

$
(B )max = Bob = Yok = Ton/Ep. (3L)
On the other hand, when Gy, ¥ O, the maximum possible valus of E, is
(B)__ = (Ly -1,)/2 6 (35)

ascording to eqs. (31.2) and (32).

3

As an example, given a 6J5 with Eyp = 200 V, G, = 10 ~ mhos there follows

E =9.657V

I,=10,15mA

Q
(Eck)q o 907 v

The maximum possible valus of E, for the given value of G, is 9.75 V; the
maximum value of E, for Gy, = O is 156.2 V.

An interesting problem is the determination of the optimum value
of Gy, for maximum power output. One has

- —————r
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7 & (B - Vo Ibm]2

2/,
P, =G Eo/z

L
2E2GL + gpj
4P = =
and letting _L _ , there Jollows
dG.
20, " g, (36)
;hich is the same result that applies for grounded cathode amplifiers.

I, D-C C= a Followers

A typical circuit for the d-c cathode follower amplifier is 1n-
dicated in Fig. MRI-14278-b, For generality it has been assumed that By,

¥ Epp.

One of the congitions of the design iz that the cathode be at
ground pctential. Correspondingly one has

Eq - Et:b g™ G !':b (37)

L]
By application of Thevenin theorem the circuit of Fig. MRI-1278~b can be
modified into that of Fig. MRI-1L279a, with

" =
0y B,
' § k “bb
G =G +G B = (38)
k L Gk + GL
The latter circuit is equivalent to that of Fig MRI-14279b: which is
similar to the circuit of an a-¢ cathcde follower having zero load ad-
mittance GL.
The limit conditicns of operation are
Eox < Bk ma = =05V
¢ [ ] -
= -<_
Iq= 0 By ={Iy+1,) /2 (39)
'
P =3 =P (ko)

p ~bb IQ p max
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The design equations are

1 ' 2(a,_ + G,)
Byp " B * Yo ¢ = Ve * B, (10— e (12) |
8 gp )
1 1 ' B '} |
Iq"i[Im*gp Boo = Yok ~ OJJ (k2)
Iq = Iy + B, (O *+ Gp) (L3)
: .' ] -
(By)q = I--Vo -E, + I,:/gp | / u (k)
[ |
B, = B, ¢ (B )q ~ 0.5 (1)

In gencrel B, and Oy are prescribed and the urpose of the design is to
choose a convenient tube and evaluats Ebb: Epp and Oy-

The choice of ths tuhe iz determined by the maximum voltage output
E, that it can deliver in accordance with the limitations (3%) &ndi%uo)
The upper limit of E., is obtained letting Gy epproach zero. Combining egs.
(39) and_(L3) one finds |
-1
|
(B e = (16)

T L

On the other hand combining egs. (LC), (L1) and (L3) one has

2(G, + o) ' , S
So(1+ Sp )+ka [Eokak*%}*lm]éppn
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wherefrom there follows

Lo ~ Yok & Pom
() ax ;zz—:-iaz—; + GL(kp +20) (u7)

Gp

The lower of the values (L46) and (L47) should bs larger than the required
E .
o

1
After the tube has been selected one proceeds to evaluate Eyy,.
The upper limit of Epp again is dsterminsd in accordance to the iimitations
(39) »4 {Lo). Combining egs. (39) and (L2) one has

Do~ Tem

[
P

1
Vi * Eo (L8)

'
Bep =

On the other hand, combining eqs. {LO) and

21 \ 21 2P

=3 By e\ § gt B- e B )

]
EbbEE 3 (vbk T B e

In general the value of Eéb is chosen in dependence of the available power
supply, #o that the limitations (L8) and (L9) are satisfied.

After the valus of E;b has bsen determined, egs. (h2) and (L3)
provide raspectively Iq and Cg. Finally the value of Epp is obtained from
6q. (37) and the values of (Eck)q and BE. are computed from eas. (LL) and
(L5) respectively.

For example lgt us consider the design <f a d-c cathode follower
with E; = 8 V, Oy, = 10”3 mhos. For the tube 6J5 eqs. (L6) and (L7) provide
respectively

-9.75V (B)pax

1
(Bo)pax = 11.17V

Therefose the 6J5 is sultabie for the presaent design. According to egs.
(18) and (L$) the upper limit of By, is the lower of the following ones:

e e S e B o
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1
E,, <196V B, < 2LV

Lat E;b = 180 V. Equetion (L42) now provides

Eq. (L3) then gives

G, = 0.06 x 10~ mhos

B, - ?Ie— =150 v

Finally

- (13‘,1()Q = - 4.0V, E, =115V
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